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PREFACE 



This paper presents the results of a study of the large scale 
vertical notions in the earth’s atnosphere during a continuous sequence 
of soven days at 12-hour intervals along a specific meridian in a relatively 
donse radiosonde network* The objectives were threefold; first, to compute 
and plot cross sections of these values of vertical motions; second, to de- 
termine qualitatively the inter-relationship of the three components of the 
individual change of temperature at a given station; and lastly, to inves- 
tigate the dynamic aspects of these vertical motions* 

Undertaken as the thesis requirement for the degree of Easter of 
Science in Aerology, this paper was prepared at the U. S* ITaval Postgraduate 
School, Monterey, California, during the academic year 1?49-1950« 

The author is particularly indebted to Associate Professor Frank L* 
Martin of the Aerology Department for his advice and guidance during the 
investigation, and to the author’s wife for her assistance in the laborious 
task of plotting and recording data* 
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IKTRODUCTICU 



During recent years a great amount of work has been done in the 
methods of computation and analytical aspects of the fields of vortical 
motions in the atmosphere. These vertical motions are of the large scale 
type, with values of small magnitude, and are not to be confused with the 
extremes found in thunderstorms and heavy cumulus clouds, Panofslcy, Filler, 
Fleagle and others of Hew York University jjT] , in a project sporsored by 
the Army Air Forces Yieather Service, have published extensive material along 
these lines. In they analyzed the fields associated with the develop- 

ment and dissipation of a cyclone and an anticyclone in the center of the 
United States • This paper attempts to deal with the vertical motions along 
a specific meridianj namely, the 80th meridian, and to attempt to analyze 
the vertical motions associated with the troughs, ridges and cyclones as 
they pass over the meridian. 

There are several methods of computing the value of the vertical com- 
ponent of velocity at a point, and the reader is referred to U • [5] and 

, The methods may be broken into two main types. Kinematic and Adiabatic, 
Although Kinematic types yield instantaneous vertical velocities, they are 
difficult to apply because observed winds must be used, and, as a general 
rule, these are not available consistently at high elevations. Adiabatic 
techniques yield average vertical velocities over the period of time used 
in the computation, and can be computed at regions and elevations where 
wind data is sparse. In Qj the authors have computed the vertical 
velocities for one situation by several different techniques, and have 
concluded that the different methods give results of the same sign but 
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slightly varying magnitudes. Since constant pressure ch. .rts were to 
be used at the various levels, the isobaric technique as given in 
Chapter II was chosen. 

In ^2J Fleagle has deduced the three-dimensional fields of vertical 
motions in relation to a selected cyclone and anticyclone. These pressure 
systems were both characterized by flat troughs and ridges aloft. In this 
study the author has concentrated on the problem of the two-dimensional 
field of vertical motion along the 80th meridian, west longitude. The 
synoptic situation selected for the present study was also characterized 
at upper levels by flat ridges and troughs, and in the case of the cyclones, 
there was also agreement with Fleagle* s case study in that a -well marked 
frontal system existed at the surface in all cases. It is therefore not 
surprising that all statistical relationships deduced herein between ver- 
tical velocities and other mechanisms of temperature change are in quali- 
tative agreement with those of Fleagle. 

In addition to the foregoing statistical results, the author attempted 
to correlate the fields of vertical motions with the movement of the fronts 
at the 500 mb level and the jet stream axis along the 80th meridian, paying 
close attention to pressure changes. It ’.ms possible to deduce a dynamic 
model of the mean vertical and cross isobar circulations in the vicinity of 
the jet for both northward and southward moving jets. 
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'he isobar ic technique as described by Panofsky J v;as \sed in 
'-be computations of vertical velocities, bsinq the notations as listed 
in the table of symbols, the individual change of temperature of a novinq 
air particle nay be v/riiten 
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equation (1) nay then be written 
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Fron the First Law of Thcrnod^nar ics 
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Multiplication of both sides by \ _ qives 
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Since W ^ is appro- inately equal to \A) ^ tmi.ch is equal to 
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Equation (2) my then be -written. 



3T 4 W>V h T + vJ = o 



(5) 



The individual change of temperature of a particle follo-./inr a 
constant pressure surface is given by 




Subtracting (5) from (4), one obtains 
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According to Panofsky W , w is in magnitude 10 tines greater than , 
therefore the latter my be neglected, giving the firal equation 
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(5) 



The terns on the right hand side of this equation can then be evaluated 
with the use of data obtained from constant pressure maps and cross sections* 
Assuming that the contours on the constant pressure maps are streamlines, and 
that no radical change of flow pattern occurs, the trajectories of an air 
particle arriving at a given station can be computed. The lapse rate term 
is computed from the cross section data* 
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The use of this formula depends on che assumption of adiabatic 
motion, that is, if any temperature change is observed in the trajectory 
of the air particle, it was due to cooling or heating in an adiabatic 
process. For the most part, especially at 500 and 500 mbs, this has not 
been too serious a requirement because: (a) the moist adiabatic lapse 

rate closely approximates the dry adiabatic; (b) solar heating an 1 , cooling 
effects have teen eliminated from the observed parcel temperature change 
(see page 8), Such other non-adiabatic effects as turbulent transport of 
water vapor and long wave radiation from the earth have been assumed small 
and no further corrections were made. Using finite differences as ex~ 
plained in Chapter III., the vertical notions were computed at the 700, 

500 and 300 mb levels. 
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The synoptic situation desired Tor this investigation vras one in 
which the polar front was far enough south so that the jet stream would 
make its appearance somewhere in the northern United Jtates, in the area 
where the radiosonde network was sufficiently dense to obtain consistent 
reports for the analysis. The second requirement was that a series of 
migratory systems would pass over the meridian during the period of the 
investigation. These requirements seemed to be best fulfilled from data 
available, along the 80th meridian during the interval from 22 January 1949 
to 27 January 194? . Prior to this time bhe polar front had been steadily 
moving south, and, at the beginning of the period, was situated as a 
stationary front just south of Charleston, South Carolina. During the 
period a series of migratory anticyclones and developing waves on the polar 
front alternately passed the meridian. 

The first phase of the compilation of the data consisted of the plot- 
ting and analysing of the 700, 500 and 300 mb charts and vertical cross 
sections along 80° IT. longitude. All charts were analyzed twice daily, at 
standard radiosonde times, 0300 and 1500 G-CT. The constant pressure charts 
were analyzed with contours for every two hundred feet, and isotherms for 
every two degrees centigrade. The cross sections were analyzed to obtain 
the location of the frontal surface in the vertical, and to locate the center 
of the jet stream. In analyzing the cross sections the use of mixing ratio, 
isotherms, isentropes, and observed winds were applied in the conventional 
manner for frontal analysis. The west wind component was computed from the 
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actual reports of the observing stations and a specially prepared praph 
(Plate I) for determining the geostrophic - rind from the slope of tho 
pressure surface* Since the cross sections wo re oriented exactly north- 
couth, any computation of geostrophic wind between two stations is auto- 
matically a west vrind component providing the elevation of the constant 
pressure surface is decreasing toward the north# If it is increasing 
toward the north, then the computation from the graph gives an east wind 
conponent • 

In computing the trajectories, the assumption was made that the con- 
tours were streamlines# Secondly, it was assumed that the vrind was geo- 
strophic# This assumption was quite valid in this case, as, in the entire 
period studied, the flow aloft in the regions where the trajectories we re 
to bo computed showed very little curvature, tending to make the gradient 
wind nearly equal to the geostrophic wind# furthermore, IJeiburger 
has shown that the deviation of the computed gradient vrind was as great as 
the deviation of the geostrophic wind from the observed wind* The trajec- 
tories we re taken over a twelve hour period, using a method of second approx- 
imations* The measured geostrophic wind was projected upwind for a period of 
six hours# At this point the vrind was again measured and projected upwind at 
this speed for another six hours# The point was then marked on the previous 
map and projected downwind in the same manner# Prom the downwind trajectory, 
a resultant trajectory can be computed, which, when applied to the starting 
point, should present the approximate trajectory of the particle in arriving 
at the given station# It is felt that this method gives more accuracy in the 
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x pper levels , where the gradient nay change considerably over the period 



of the trajectory, than a simple upwind projection of the measured wind 
at the starting point,* Ideally the station at which the vertical velocity 
is desired should be at the midpoint of the trajectory, but along the 80 th 
meridian several trajectories would terminate over ocean areas where reason- 
able interpolation of temperature is not possible* 

Vfith the establishment of the trajectories, the increment of temperature 
change is found* Since the computation of vertical velocity rested to such a 
great extent on this value, the question of diurnal variation of temperature 
following the particle arose* In Killer et al computed from a large 

number of reports, the diurnal temperature corrections at tines which applied 
to this problem* These corrections were as follows: at 700 mb, Il*3 0 0; at 

500 mb, 1*8° C; at 300 mb, tl*5° C* Tho plus sign applies for any trajectory 
computed between 0300-1500 GOT, while the negative sign applies for trajec- 
tories terminating at 0300 GOT* These corrections were subtracted from the 
increment of temperature obtained from the trajectories before the vertical 
velocities were computed* 



of the lapse rate at the beginning and end of the time interval was used* 

The observed temperature at the mandatory radiosonde level above and below 
that for which the computation is being made was divided by the distance be- 
tween the two levels as prescribed by the U* S* Standard Atmosphere. Y/ith 
the evaluation of the lapse rate term, the values of vertical motion can be 
computed* During the computations of the trajectories, it was observed that 
in regions north of loosonee ( 836 ) and south of Charleston (208), the end 
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point of trajectories usually were in areas where reasonable interpolation 
was impossible. Accordingly, the investigation was limited to the follow- 
ing six stations: Charleston (208), Greensboro (j>17)i Pittsburgh (520), 

Buffalo (528), Sault St* llarie (754) ana Iloosonee (836). It is repeated 
here for emphasis, that since a twelve hour trajectory was used in com- 
p’uting the temperature difference of the particle of air, the vortical 
motions represent an average over this period. Any extremes of rising or 
falling motion that have occurred in the period tend to be damped out, and 
the resultant average vertical velocities usually fall in the range of 0 to 
£5 cm sec*"l. 

Tilth the assumption that the term w_ is negligible, the individual 

X If 

change of temperature of a particle following a constant pressure surface 
con be written 



w- v h t 



U _ vr 
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bT 

where 3^. represents the local change of temperature observed at the station, 
and\i/V^T represents the component due to horizontal advection. The value of 
is easily obtained from the constant pressure charts, while the value of 
is the temperature chanre, with non-adiabatic effects eliminated, and was 
computed from the trajectories. The value thus obtained from (6) represents 
the advective component. Since the inter-dependence of the variates in 
equation ( J > ) were not clearly visible, it was decided to correlate combi- 
nations of these variates in an effort to determine the sign, magnitude, and 




(?) 



variability of the relationship with height, "he use of correlations in 
this study was rather to determine the relationship between variables than 
to try to formulate any regression equation for forecast uses. Accordingly, 
the variables were correlated at each of the three levels for which compu- 
tations were made, and the results of these correlations were used in a 
qualitative manner in the analysis of the fields of vertical motions. 

The frontal structure, jet stream center, and computed vertical 
motions were transferred to fresh charts of the same scale. The movement 
of tho jet centers was well marked in the horizontal plane, but due to lack 
of reports at high levels, the vertical movement of the jet is subject to 
considerable question, hence no attempt will be made to explain the latter, 
*Isanabats of vertical velocity were drawn and the data prepared for analysis* 

* Lines of equal vertical velocity. 
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TV. RESULTS A1ID CONCLUSIONS 

The computations of vertical velocities were carried out for 224 
cases, approximately 75 cases for each level. Certain observations were 
ruled out when the initial point of the trajectory fell in regions where 
reasonable extrapolation of temperature could not be made duo to lack of 
reports , 

For determining the inter-relationship of the variates, equation (5) 
of Chapter I was chosen. All terms of this equation had been evaluated ac- 
cording to methods described in Chapter II, therefore, applying certain as- 
sumptions to equation (5) it is possible to obtain qualitative results of 
the variates. Using vector notation a positive value of 'M^T>0 represents 
cold advection. Since the term fa-*) is a krays positive, tho sign of the 
entire term W (*a-») is determined by the sign of w. Upward vertical motions 
were chosen as positive, and dov/nward motions as negative. The results of the 
correlations are listed in Table 1* 

Set A. Vertical Motions and Advection. If in (J>) we assume that there 
is a level where the local change of temperature is small, then the advective 
torn and the vertical motions term should be approximately equal and opposite 
in sign for (5) to be valid. If local change v/ere assumed exactly zero, and 
advection and vertical motions exactly balanced each other, the correlation 
coefficient would be -1,0. From this we may conclude that in the region 
where the magnitude of the correlation coefficient is greatest, the assump- 
tion is most nearly valid. 
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300 mb 


-,28 


-•51 


500 mb 


-•32 


-.21 


700 mb 


-•44 


-35 



(E) 

VL > W 

300 mb *09 

500 mb -.12 

700 mb ~.41 

TABLE 1, 
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Actual results show negative correlation coefficients increasing in 
magnitude and with height. The negative coefficients show that cold 
advection is accompanied by downward notions. From the magnitude of the 
coefficients, it can also be said that this compensation is greatest at 
high levels. This is in good agreement with Flcagle T s results 01. 



Sot F# Local Change of Temperature and Advection. From (3) if one as- 
sumes the vertical motion term is small, then advection and local change 
of temperature should be opposite in sign# The negative correlation 



that cold advection is accompanied by local cooling# In interpret inr the 
magnitude of the correlation coefficients as explained above, we may say 
that the assumptions of small vertical motions is most nearly net in the 
lower troposphere, and that vertical motions increase with height# This 
also implies that advection is predominant in the lower troposphere and 
decreases with height, which is again in good agreement with Fleagle f s ^ 
results co- 

Set C# Local Change of Temperature and Vertical Lotions# From (3), if one 
assumes that advection is small, then the vertical notion term and local 
change of temperature term should be opposite in sign and approximately 

equal# The negative correlation coefficients verify the opposing sign 

3j v 

requirement, indicating that with local warning ^ ° , there are 





From the change of magnitude of the cor- 



relation coefficients with height, it is indicated that the assumption of 
advection being small is best met in the lower troposphere, and that ac- 
voction inerja. ^ w: th height# This also implies that vertical motions 



are more predominant at lov/er chan at higher levels* These qualitative 
results aro opposed to those obtained fron Set B* It is to be noted that 
the magnitude of the coefficients in Set C# are in all cases smaller than 
either Sets A# or B*, indicating less reliability through possible scat- 
tering of data* 

Set P* Local Change of Potential Temperature and Vertical r otions* The 
values of v/ere computed fron values of temperature at the beginning 
and end of the interval* S^nce these in turn were computed directly from the 

local values of temperature change, it would appear that si^ce vertical notions 

99 

are being correlated with , the level where the correlation coefficient 

is greatest indicates the region where vertical motions are predom inent . The 
negative coefficients obtained indicate, as expected, that local increase of 
potential tomperature ( >0 ), is associated with do^mword motions* The 

nngnitudes of tie coefficients seem to indicate agreement with the results 
obtained in Set 3; namely, that vertical notions assume greater prominence 
than advection in the region of J00 mb* 

Set I!* Surface Twelve hour Pressure Tendency and Vertical ^otions* In the 
lower levels the sign of the coefficients indicate that increasing pressure 
is accompanied by downward notions in the lower troposphere* The reversal 
of the sign of the coefficient with height indicates that at some upper 
level rising surface pressure is correlated with upward motions* The mag- 
nitude of the coefficients above 700 mb are small; the definite decrease, 
however, indicates the classical vertical motion model drawn above cyclones 
and anticyclones* 
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The twelve hour surface tendencies were plotted at the top of tho 
isanabatic charts, (See Plates II, IV, and VI), In general tie results 
wore gratifying, The regions of greatest surface pressure tendencies were 
usually located over the regions of strongest vertical motions. The cor- 
respondence was most pronounced where the vertical motions extended to 
300 mb without a change of sign, Plate IV shows a maximum negative ten- 
dency over Greensboro and upward notions at all levels. The maximun 
positive tendency occurs at Sault St, "larie, just north of the field of 
downward motions, Plate VI shows practically a one-to-one correspondence 
between the locations of the maximum ascending and descending currents and 
those of the corresponding surface pressure tendency centers. Here all 
vertical motions extend to 300 mb without a change of sign. 

During the period investigated, one cyclonic center of moderate in- 
tensity developed in the lower Mississippi Valiev, This system moved on a 
northeasterly course toward Pittsburgh, The effect of the movement of this 
system on the level of non-divergence in the Pittsburgh area was interesting 
to note. From the tendency equation, in a manner shown by Palmen , it 

can be shown that the level of non-divergence is approximately at the level 
of maximum ascending or descending motion, providing that the local change of 
pressure is zero. Since the latter statement is approximately true, (Fleagle 
^2^), the macs transport through the level in question must he equal to the 
divergence occurring above that level. In the instance mentioned above, the 
level of non-divergence fell from about 400 mb to approximately 650 mb in an 
interval of twelve hours, followed by a rapid deepening in the Pittsburgh 
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area in the next twelve hours* From the enclosed Plates, it can also be 
seen that there are possibly two levels of non-divergence, ono in stratos- 
pheric levels and the one normally referred to at nid-tropospheric levels* 

Concerning the statistical work in general, it may be said that the 
results are in good agreement with those of Fleagle, Miller and others. 
Fence, it seems plausible that further relationships, as derived by Fleagle 
in regions not investigated in this paper, will be applicable in this 
situation. 

The initial problem in the analysis of the fields of vertical notion 
was to determine a criterion, in the light of already established results. 



that the vertical motions night be expected to follow* Famias states 

that the steep slope or break of the tropopause surface diroctly above the 
jet stream is one factor that must be explained in any plausible conplete 
theory of this phenomena. In the studies of Palnen [>] M M , and in 
the cross sections used in this study, it ;ms noted that the tropopause was 
at a ninimun height just north of the jet stream, and that just north of tl*at 
minimum, its height increased slightly. South of the jet stream the tropopause 
appeared at its highest level. By using the thermal wind equation as suggested 
by Manias , it can be proved that in general, the most strongly sloping 

portion of the tropopause surface must pass through the axis of the jet stream, 
for, at this point the rate of change of the geostrophic wind with height is 
zero, hence the horizontal thermal gradient and vertical lapse rate both be- 
come very snail or zero, indicating the location in the vertical of the tro- 
popause ? region* Assuming no discontinuity in the tropopause, it can then be 
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drawn as illus orated in figures 1 and 2* Consequently if the center of 



line positions in Figures 1 and 2 * Even if one considers the possibility 
of a discontinuity in the tropopause just south of the jet, then there must 
bo some mechanism to create a lower tropopause when the jet is moving south, 
and one to destroy it when the jet is moving north* 

As has been stated before, the synoptic situation was one in which there 
were no marked pressure systems, but rather a polar front vrith a scries of 
waves passing the meridian* Consequently, the conventional notation of a 
cold front or warm front as the movement of the frontal surface on the sur- 
face of the earth vras equally indistinct and did not indicate any corres- 
pondence 7/1 th the movement of the jot stream center* Palmen states 



Often it is not possible to connect minor disturbances at the surface 
vrith the band of strong isotherm concentration at 500 rib, but large 
scale displacement of surface fronts can usually be related to similar 
displacements aloft* 

He further states that empirical data point to the fact that the jet 
stream is located directly over the layer of maximum temperature gradient 
at 500 mb* As an aid in locating this region of maximum temperature grad- 
ient, the following method was used* From the integrated form of the hydro- 
static equation, the thickness of the layer between the constant pressure 
surfaces and S^ ven by 



the jet moves to the south, then the tropopause must move to the dashed 






Differentiatin'* with respect to time 
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SOUTHWARD MOVING JET 



Figure 1* 
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N0RTH.7ARD MOVING JET 



Figure 2. 
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or tho rato of change of thickness of a specific layer in a specific 
hiro interval is directly proportional to the rate of change of mean 
virtual temperature in the same interval. Entering those values on the 
cross section made it quite simple to pick the band of strongest tempera- 
ture gradient in the layer between 500 and 700 mb. This criterion made it 
possible to verify Palmen’s relationship between the jet stream and the 
polar front at 500 mb, in that, with the maximum gradient of temperature 
in the layer shifting to the south, the jet stream also shifted to the 
south. 

Since the tropopause is the point in the atmosphere whore the lapse 
rate becomes small and approaches isothermal conditions,* it is reasonable 
to believe that vertical motions and their associated adiabatic heating 
and cooling might supply the reason for the lowering and raising, creation 
or destruction of the tropopause in the situations mentioned above. Using 
this as a basis, two tentative vertical motion models can be drawn, fig- 
ures 1 and 2# These models are essentially similar to those proposed by 
Palncn jjLlJ • In Figure 1-, for example, the point C, which represents 
the point of intersection of the two consecutive tropopause surfaces, 

(12 hours apart), must represent the point of zero mean vertical velocity* 

It is to be noted that the vertical motions shown in Figures 1 and 2 repre- 
sent mean vertical motions for a 12-hour period ending with the given time, 
and therefore account for a movement of the jet from Jp to Jp, The meaning 
of tho circulation axes AA and BB is discussed on pages 24 and 25* 

The vertical circulation models of Figures 1 and 2 below the 500 mb 
level can in general be identified with rising or "allinr surface pressures* 



* According to Penniorf and Flohn 
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This follows fron the correlations of Table 1 and is verified by 

Fleagle , pp, 105-184, who states 

Upward motions occurrod in regions of pressure fall and downward 
motions occurred in regions of prossure rise, and the vertical 
components were approximately proportional to the pressure changes. 

This tendency has already been noted earlier on page 15 » 

The next step is to verify the fields of vertical motions of figures 
1 and 2 above 500 tab. Although vertical motions were not computed above 
500 mb in this study, the results of Fleagle* s study ^2^j wore drawn upon, 
and, in addition, strong consideration -.ms given to the 500 mb height ten- 
dency during the previous twelve hours. It was quite easy to distinguish 
on all cross sections the areas of maximum twelve hourly rise and fall of 
the 500 mb surface. Since this surface is quite close to the stratospheric 
levels considered by Fleagle, it is assumed that a large contribution of the 
twelve-hourly height change at 500 mb is due to the layer between J and 16 
kilometers, (500 to 100 mb), Fleagle also noted that this layer contained 
the maximum temperature advection for the atmosphere, at least to the levels 
considered, and that temperature advection also tends to be systematically 
compensated by vertical motions at these levels. In the light of the fore- 
going, it was assumed that the region of maximum height change at 500 mb 
indicates the location of maximum advection above 500 mb, which in turn, 
indicates the maximum values or "chimneys" of the mean vertical motions. 

Thus a region of maximum positive height tendency is experiencing strong 
cold advection and compensating do-.mward motions, with an analogous state- 
ment for negative tendencies. 
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It has been noted in the previous paragraph how tho maximum height 
tendencies at J00 rib determine the vertical motion fields above this 
level, and in particular, the areas of maximum ascent and descent# hi us 
mechanism will now be correlated more closely with the models of Figures 
1 and 2# The final results of the analysis of the cross sections in the 
period studied showed that, according to tie convention of thermal ^rilient 
discussed above, there were six instances of the northward moving jot, three 
of the southward moving jet, and three of the stationary jet* Plates II, TV, 
and VI illustrate the vertical notion field, frontal structure and the jet 
stream for a typical situation of each of the above types* Plates III, V, 
and VII are corresponding charts of streamlines dravm from the plotted anl 
estimated vertical motion fields# On the isanabatic charts, the numbers 
appearing at the significant levels 700, 500, and 300 mb represent the height 
tendency of the surface during the previous twelve hours* The numbers ap- 
pearing midway between the significant levels aro those of thiclmess ten- 
dency between the two levels during the past twelve hours* 

Plates II and III are typical illustrations of a northward moving jet 
stream* At low levels the frontal surface had progressed southward , but at 
the 700-500 mb layer the maximum thermal gradient had shifted poleward* 

'"’his indicated a gradual reduction of the slope of the frontal surface in 
a manner described by Crocker et al £lj in the article on frontal contour 
charts* In all cross sections of this category, there occurred either (i), 
a combination of maximum rises north, maximum falls south of the initial po- 
sition of the jet, or (ii), the same relative gradient of height tendency at the 
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>00 r o levc 1 ns ' nb loafed in 'i), It appears that the south’., -arc! 
directed tendency gradient has the effoct of wip in" out the jet ab 
the lower latitude position and thus shifting it northward , However , 
it was difficult to reconcile the observed amount of jot r.ove icut on tie 
cross section with the observed height tendencies at >00 nb. 

Hates IV and V are typical ewanples of a southward moving jet, Ihis 
type of jet occurred with >00 nb height tendency falls to the north of the 
jet and rises to the south, in such a manner that the horizontal prossure 
gradient was increased southward relative to the initial position of the 
jet. 

Plates VI and VII are illustrations of the situation in which the 
movement of the jet was small enough to be terr ed "stationary". The north- 
south distribution of height tendencies at $00 mb was analyzed as before. 
The notable feature in these tames was that the vertical motion fields 
usually persisted to high levels without a chan re of sign# The stationary 
types observed had the vertical circulations of the southward moving type, 
indicating the possibility that, although the movement of the .jet was not 
large enough to definitely show up in the analysis, it corresponded appar- 
ently to the southward noving type in this instance# 

Tims, in Figures 1 and 2 the areas of maximum rises and falls have 
been indicated in their proper position relative to the jet* Introducing 
ne:ct the appropriate upper level vertical circulations which these centers 
of rising and falling tendencies imply, it is seen that the vertical motion 
are also consistent with the observed tropopause movements* The vertical 



circulatic a models presented in /inures 1 and 2 therefore* :?jt all of the 
observed data of this and Floagle f 5 study and may be taken to represent 
a tentative vertical circulation pattern in relation to cold and warm 
fronts at the 500 mb level. Further study Trill be necessary before any 
conclusive verification of Figures 1 and 2 may be said to have been 
achieved# 

It should be emphasised that this study dealt only with cases in 
which there were no closed circulations at upper levels in the region 
studied# The frontal structures, however, were quite well marked* There 
remains the question of explaining the occurrence of dynamic instability 
with the attendant cut-off lows and hirhs which result when instability 
occurs# Palmen 01 has studied a case of dynamic cyclogenesis and 
attributes the development of a closed vortex abovo J00 mb essentially 
to the fact that the upper level axis AA of Figure 1 has become collinear 
with the lower level circulation axis B3# Similar ily in Figure 2, dynamic 
onticyclogenesis would occur when the vertical circulation axis AA, typical 
of rising pressure at upper levels, becomes collinear with the axis PB, 
typical of rising pressure in the lower tropospheric levels# Such a case 
had been discussed by TJexler M • 

^he answer to the question of dynamic instability probably lies in 
the fact that such cases usually occur when surface frontal characteris- 
tics are weak or non-existent , and the amount of advection at all levels 
becomes quite small# In the latter case, it therefore seems likely that 
the vertical notions could be governed mainly by the three-dimensional 
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divergence or convergence above >00 mb* .. r ith slight advoction it seems 
that the amount of divergence aloft in the vicinity of axis AA of figure 1 



>00 rib. This would cause a lowering tropopause and ultimately a closed 
low at 500 mb. The diminishing pressure under M then causes the lower 
atmospheric circulation pattern BB to shift tinder AA. 

As in any statistical investigation in which a small number of cases 
is used, care must be taken before formulating final conclusions* The 
general agreement between casos, however, was quite well-marked, indi- 
cating that further study along the sane lines is warranted. Investi- 
gations using one of the other techniques for computing vertical motions 



could increase, causing an incroased downward circulation and warming at 



as listed in 




would be an excellent criterion for comparison. 
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